The smoke of Peganum harmala seeds is traditionally used in Iran as a disinfectant agent. The aim of this study was to determine the antimicrobial activity of two smoke condensates from Peganum harmala seeds. Furthermore the composition of smoke preparations was studied using gas chromatography and mass spectroscopy analysis. The most prevalent compound detected in a dichloromethane extract was harmine. Standard harmine as well as the dichloromethane extract showed antimicrobial activity against all test strains. Harmine was not detected in an n-hexane extract and we did not observe antimicrobial activity from this smoke preparation at the tested concentrations.
Introduction
Peganum harmala L. is a wild-growing flowering plant belonging to the Zygophyllaceae family and it is found abundantly in the Middle East and North Africa (Zargari, 1989) . P. harmala seeds are commonly named "Esphand" in Iran. From ancient times, it has been considered an important medicinal plant. The P. harmala seeds are known to possess hypothermic and hallucinogenic properties (Lamchouri et al., 1999; Kuhn and Winston, 2000) . It has been used traditionally as an abortifacient agent in the Middle East and North Africa (Shapira et al., 1989) . There are several reports in the literature indicating a great variety of pharmacological activities for P. harmala, such as antimicrobial, antitumor, antinociceptive and MAOinhibitor activities (Abdel-Fattah et al., 1995; Prashanth and John, 1999; Monsef et al., 2004) . The smoke of Esphand is traditionally used as a disinfectant agent in Iran (Amin, 1991) . To our knowledge, based on a literature search, no studies have been conducted on the antimicrobial properties of smoke condensates from P. harmala seeds. The objective of this investigation was to determine the inhibitory effect of two organic smoke preparations from Esphand against different 0939Ð5075/2005/0900Ð0707 $ 06.00 " 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://www.znaturforsch.com · D strains of bacteria and fungi. The chemical compositions of these preparations were also studied using GC/MS. Harmine was identified as the individual alkaloid in Esphand smoke. 
Materials and Methods

Microorganisms
Plant material and preparation of smoke extracts
The seeds of Peganum harmala L. (Zygophyllaceae) were collected from Abyaneh (Isfahan Province), Iran, in June 2003 and authenticated by Dr. H. R. Monsef-Esfahani. Voucher specimens were deposited in the Herbarium of Faculty of Pharmacy, Tehran University of Medical Sciences, Tehran, Iran. For the manufacture of smoke extracts, smoke from smoldering seeds (100 g) was passed to a condensing tower where it was captured in organic solvents. Dichloromethane and n-hexane were used as the solvents. The extracts were evaporated to yield a dark-brown viscous residue, and reserved for antimicrobial experiments.
Gas chromatography-mass spectroscopy (GC/MS)
The composition of the smoke extracts was identified and quantified by GC/MS on a ThermoQuest # 2000 instrument using a DB-1 capillary column (30 m ¥ 250 µm ¥ 0.1 µm). The gas chromatograph column was programmed to increase the temperature from 50 ∞C (isothermal, 1 min) to 260 ∞C at a rate of 2.5 ∞C/min with the mass spectrometer operating at 70 eV and an ion source temperature of 250 ∞C. The constituents of the smoke extracts were identified by comparing their GC retention times with known compounds. Confirmation was obtained by comparing the MS fragmentation pattern of each component with those of the authentic compounds (Eight Peak Index of Mass Spectra, 1983; Adams, 1995). 
Antimicrobial activity of smoke extracts
The antimicrobial activities of the smoke extracts and harmine (Sigma Chemical Co., USA) were studied by a conventional disc-diffusion method. An antimicrobial assay was performed based on the dry mass of the smoke extracts. Sterilized blank discs containing different amounts of each smoke extract (0.156, 0.312, 0.612, 1.25, 2.5, 5 mg) were applied to the inoculated Muller-Hinton agar plates. The petri dishes were incubated at 37 ∞C for 24 h (bacteria), at 25 ∞C for 48 h (yeasts) and at 25 ∞C for 72 h (mycelial fungus). After incubation, the zones of inhibition around the discs were measured and compared. The assays were performed in triplicate. Gentamycin standard discs were supplied from Padtan Teb Co., Tehran, Iran and used as positive control for antibacterial assays. Discs containing freshly prepared nystatin (100 µg) were used as a positive control for antifungal assays. Blank discs were impregnated with n-hexane and dichloromethane and used as negative control in all experiments.
Results and Discussion
The GC/MS analysis showed that the smoke extracts were composed of many compounds. Thirtyfive compounds representing 94.7% and 30 con- stituents amounting 93% were identified in n-hexane and dichloromethane extracts, respectively (Khoshakhlagh, 2002) . The major compounds and their proportion of each smoke extract are shown in Table I . The antimicrobial effects of smoke extracts at different concentrations are shown in Table II. The effective preparation against the test organisms was the dichloromethane extract. The most prevalent compound detected in the dichloromethane smoke preparation was harmine (14.1%). Standard harmine represented the most potent antibacterial activity, with inhibition zones of: 33 mm for C. neoformans, 30 mm for B. subtilis, between 9 and 29 mm for the other test strains.
Other major components detected in the dichloromethane fraction were henicosane (12.9%), eicosane (9.3%), nonadecane (8.1%), octadecane (7.6%) and heptadecane (6.2%) in addition to tricosane and other compounds, which were present in amounts of less than 6%. Harmine was not detected in the n-hexane extract and we did not observe antimicrobial activity from this extract at the tested concentrations. Furthermore, the dichloromethane smoke condensate did not show antibacterial activity against any of the strains at the lowest content (0.156 mg), whilst the higher contents of this extract showed good antimicrobial activity, especially against S. epidermidis and C. neoformans. Extracts from P. harmala seeds have been reported to exhibit antibacterial activity (Prashanth and John, 1999) . This study demonstrates antimicrobial activity of a smoke preparation of Esphand which parallels the traditional use of P. harmala smoke as a disinfectant agent. To the best of our knowledge, this is the first study on the antimicrobial activity of the smoke condensates from P. harmala seeds.
